ABSTRACT: Henry law adsorption constants have been predicted a priori on the basis of the Corresponding States Principle. A two-dimensional model was used which gave proportionality between the critical pressure in the condensed phase and the saturationpressureof referenceand test moleculesof the rigid pivot type. The potential applicability of the suggested method was tested using known experimental data for methane and the calculated values of the two-dimensional critical pressures of ethane, propane and n-butane. For small alkanes. the twodimensional critical pressure values can be readily estimated on the basis of their two-dimensional van der Waals constants and the distribution function of molecules vertically and horizontally oriented to the adsorption surface.
INTRODUCTION
The determination of the Henry law constant on an experimental data basis is often associated with considerable experimental difficulties. For this reason, different empirical and semi-empirical methods have been widely used to calculate and predict this constant. One such method is that recently suggested by Kutarov and Kats (1998) based on the Corresponding States Principle, using the known data of a reference substance: (1) where K~and K~are the predicted Henry constant and the Henry constant for the reference substance. respectively; F; and~are the two-dimensional critical pressure ofthe test and the reference substances, respectively; and P~and P; are the saturation pressure of the test and reference substances, respectively. Equation (I) is applied to predict the Henry constant for the adsorption of molecules of any configuration; however, the calculation of the formulae for K~and~cited in the above paper can only be used for molecules of the hard sphere type. The object of the present paper is the application of the Corresponding States Principle for the prediction of the Henry constant for the adsorption of organic vapour molecules of the rigid pivot type.
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THEORY
V.V Kutarov and 8.M. Kats/Adsorption Science & Technology Vol. 17 No.4 1999 Organic molecules of the rigid pivot type include members of the homologous n-alkane series with the common formula C nH2n + 2, which are commonly referred to as polymers consisting of n CH 2 monomers (Prigogine 1957) . Providing that the molecules are situated parallel to the adsorbent surface, the adsorption isotherm of such n-mers is given by the relationship suggested by Honig and Mueller (1962) :
where P is equal to the pressure, b is the Langmuir equation constant, e is the degree of filling, n is the number of links in the molecule sorbate and zw/RT is the reduced energy of the molecules.
Let us repeat the method employed by Kutarov and Kats (1998) for deducing formula (I ) using equation (2). In such a deduction of formula (1), the reduced Henry constant K~was used:
where K is the adsorption equilibrium constant; p. and P' are the saturation pressure and reduced saturation pressure in the gas phase, respectively; and Fe and P are the critical two-dimensional gas pressure and the reduced critical two-dimensional gas pressure in the monolayer, respectively. A description of equation (3) is provided by the adsorption system state equation. 
where the function N(P,T) can be obtained from equation (2). In the Henry law range, i.e. when e $ 0.01, equation (2) can be transformed to:
The extent. of gas adsorption N under a gas pressure P can be calculated from the expression:
where N m is the value of the monolayer capacity. Substitution of the value of N from equation (6) into equation (4) leads to the following equation for the adsorption system state:
where R is the gas constant and T the temperature. Then, for calculation of the reduced Henry constant K~, we obtain:
Hence to predict the Henry constant,~, for n-mer molecules of the rigid pivot type we can use the expression: The exponential dependence of K H on the number of monomers n given in equation (9) agrees perfectly with the. empirical rule stated by Traube (1891) and the molecular theory of surface tension in liquids (Ono and Kondo 1960) . For monomer molecules, i.e. for n = 1, equation (9) becomes that suggested above by the Kutarov and Kats expression:
Prediction of Henrv Law Constants
Now let us consider the possibilities of calculating the value of the two-dimensional critical pressure, Fe' for molecules of the rigid pivot type.
Firstly, it is reasonable to make some observations as to the orientation of molecules of the rigid pivot type in a two-dimensional adsorbed layer. For small values of the monolayer density, the molecules are located in parallel to the adsorption surface. However, as the monolayer density increases, the adsorbed molecules become closer together and start to interact with each other. Under these conditions, an orientation of the molecules where their main axes are located perpendicularly to the adsorption surface is more advantageous thermodynamically. Thus, when two-dimensional condensation occurs, some molecules may be oriented in parallel to the surface and some may be oriented perpendicularly. Then the value of the two-dimensional critical pressure, Fe' can be evaluated to a first approximation in the manner proposed by de Boer (1953) as: (II) where Few and F t . s are the partial critical pressures of molecules oriented in parallel and perpendicularly to the surface, respectively, and <p is the relative proportion of molecules oriented in parallel in a given mixture.
To date the formula by de Boer given below has been used for the evaluation of the two-dimensional critical pressure, Fe: (12) where a, and b, are the two-dimensional van del' Waals constants calculated on the basis of the known values of their three-dimensional analogues. However, formula (12) is only true for spherical isotropic molecules and cannot be applied to molecules of the rigid pivot type. When spherical isotropic molecules are oriented perpendicularly to the adsorption surface, the value of the constant b, is expected to be smaller and the value of the constant a, greater than the corresponding average values of these constants. In contrast, when molecules o{the rigid pivot type are oriented parallel to the adsorption surface, the value of the constant a 2 will be smaller and that of the constant b, will be greater than the corresponding average values of these constants.
Let us now attempt the evaluation of the parameters for the two-dimensional critical state of rigid pivot-type molecules. It is known (Barker and Henderson 1976) that a convex body shape is given by parameters~of the type:~= reS 3V (13) where r c is the average radius of curvature, S is the surface area and V is the volume of the convex body. For a given convex body, the above values may be defined according to the rules of differential geometry (Korn and Korn 1961) . Thus, for a sphere,~equals 1; in all other cases~;;:: 1. On the other hand, the Pitzer parameter w ;;:: 0 is traditionally used in phenomenological thermodynamics to characterize non-spherical anisotropic molecules (Pitzer 1955; Reid and Sherwood 1966) . It has been assumed that these parameters are connected by the simple equation~= 1 + w. Further calculation has confirmed the correctness of this assumption. Let us model a rigid pivot-type molecule as a spherocylinder, i.e. as a cylinder of length I with semi-spheres of radius r on its ends. Then formula (13) now becomes:
Let us now introduce the dimensionless parameter x = l/a and solve the quadratic equation (14) with respect to x, taking account of the fact that only the positive root is sensible physically:
To define the spherocylinder parameters I and r, let us link equation (15) with the following equation which defines the requirement that the van der Waals volume of a real molecule and that of a spherocylinder should be equal (Reid and Sherwood) : (16) where o is the van der Waals radius of the molecule. Solution of equation (16) (21) where C is proportional to the square of the polarizability of a molecule. It is possible to define the value of C from equation (20) and, if the anisotropic polarizability of a molecule is known, the corresponding values of ex for the vertical and horizontal orientation of the molecules can be calculated. The formulae for calculating ex and its value for many organic molecules have been given by Vereshchagin (1980) .
The value of the two-dimensional constant a 2 for a non-spherical molecule can be calculated using the average value of the radius of curvature, r e, in the formula suggested by de Boer for a spherical molecule. Under these circumstances, the formula for the calculation of the two-dimensional constant a 2 for a non-spherical molecule may be written as:
Equations (18), (19) and (2 I) allow the values of the two-dimensional constants a 2 and b, for the vertical and horizontal orientation of the molecules to be calculated; these values can then be used to calculate the corresponding values of Few and Fcs' Knowing the latter quantities, we can then calculate the value of Fe from equation (I I) having defined the proportion of horizontally oriented molecules <p according to the formula (de Boer 1953):
where L1Q 1 is the difference between the adsorption heats of vertically and horizontally oriented molecules in the layer and j is the ratio of the distribution functions of such molecules.
For a densely packed adsorption layer, the value of L1Qt is defined as:
where L1Q, is that part of the adsorption heat arising from the interaction of the molecules with the adsorption surface. The ratio of the distribution functions is related to the difference between the entropies L1S of molecules oriented vertically and horizontally to the adsorbent surface (de Boer 1953) :
whose solution is the function <p = exp (L1S/R). , C 3H g and n-C 4H lO were considered to be molecules of the rigid pivot type. The critical two-dimensional pressures~and~were calculated from equation (11) to enable evaluation of the pressure of vertically and horizontally oriented molecules in the mixture. To calculate cp it is necessary to know the entropy difference dS and the differences between the adsorption heats for the vertically and horizontally oriented molecules in the condensed phase, dQ( In the general case, this calculation is extremely complex and will be the subject of a future report.
To a first approximation, we may suppose that the values of dS and dq do not depend on the nature of a given molecule and are only defined by its geometrical parameters, i.e. they will change in proportion to the values of~. According to de Boer (1953) (1963) and Suwanayuen (1980) .
